
What One Can Learn About the
e++e- Energy Spectrum 
from Radio Observations

Albert Stebbins
Fermilab

10/8/09



Radio Observations Can Map e+ + e- Spatial/Energy Distribution

Galactic Synchrotron Emission HHaslamL

ó

HLocalL e+êe- Energy Spectrum

But need spectral information for the radio emission
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Many Sources of Emission

Radio observations least contaminated
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Spectral Information Fairly Limited

Spectral Indexmap HPlatania 2003L Spectral Curvature HPlatania 2003L

TRJ ∝ n-b   or   In ∝ n2-b
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Global Modelling / Template Fitting

Oliveira-Costa et al. 2008

But modelling is not really measurement but rather interpolation with assumptions.
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WMAP Haze

WMAPHaze

Gotten by subtracting out "normal" foregrounds including "generic" synchrotron.
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WMAP Haze
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Better Spectra for CMB Arriving 

PLANCK First Light Survey 9ê09

PLANCK has 10 frequency channels! Data not forthcoming until 2012.
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21 cm Redshift Surveys Coming Soon

Optical Redshift Survey HSDSSL galaxy by galaxy

       

21 cm Redshift Survey- intensity mapping

 Synchrotron 10,000 times 21cm signal!

SwFRT09talkA.nb   9



e.g. Cylinder Radio Telescope

 DT ~ 100 mK ê pixel, dn ~ 1MHz, Dn ~ 1 GHz, n ~ 1 GHz, dq~10', DW~2 p 
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Differential Measurements!
Radio meassurements unable to do absolute intensity measurements.
However for very wide field-of-view surveys can hope to difference.
e.g. WMAP Haze region - NCP
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Electrons > Synchrotron
The intensity from an isotropic  distribution of  electrons  in  a magnetic  field  is  given by the line-of-
sight integral

  In
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@n`D = ae

H2 pL2 ‡
„ l Ÿ0
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„ne@xD
„g

h n
g2

F B 4 pme c n

3 e g2 n`µB@xD
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where
  

„ne
„g

- number density of electrons per unit g

g - electron energy Ime c2 unitsM

ae =
e2

— c - fine structure constant

B - magnetic field
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N.B. The argument to F is ∝ n1 g-2 so we can invert it by deconvolution.
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Synchrotron > Electrons
Mathematically this is a linear transfrom
  In= M ÿJE  

where
  JE - input electron spectrum electron energy
In - output synchrotron spectrum

Naively the inverse is JE = M-1 ÿ In .

To better understand one can analytically "diagonalize" M.
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Generalized Convolution

In physics we often find a transform of the form G@xD Ø F @xD
  F @xD = A@xD Ÿ0

¶„y B@yD K@xp yqDG@yD

where A, B, K : Ø , 0 ≠ p, q œ , p, q ≠ 0. Want to find F @xD Ø G@xD.

Choose another real number r , and then define

  h ª p ln@xD z ª -q ln@yD f @hD ª ‰-r h
F A‰hëpE

AA‰hëpE
g@zD ª BA‰-zëqEGA‰-zëqE

‰I1ëq-r M z
k@xD ª ‰r x KA‰xE

With these definitions the transform is simply a convolution
  f @hD = Ÿ-¶

¶ „z k@h - zD g@zD.

If we Fourier transform a@xD = 1

2 p
Ÿ-¶
¶ „K ‰Â K x aè @KD  and inverse aè @KD = 1

2 p
Ÿ-¶
¶ „x ‰-Â K x a@xD so

  f
è
@KD = 2 p k

è
@KD gè@KD .

Choose r  such that k
è
@KD < ¶ (usually k

è
@0D < ¶ is sufficient). 
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Inverse Transform
Formally 

  gè@KD = 1
2 p k

è
@KD

f
è
@KD

and then Fourier transform back.

But ... usually lim K Ø¶ k
è
@KD = 0:

   if k@xD œ ¶ fl" A@pD <¶ such that k
è
@KD < A@pD

K p

Exponentially Small k
è
@KD fl Exponentially Large gè@KD.

So inverse is "unstable" i.e. noise on small scales (large K) is highly amplified.
Need to "regularize" inverse - want smooth gè@KD.

Since we have diagonalizes in K-space the large and small scales are decoupled!
Decoupled large in K ill-conditioned modes from small K well conditioned modes.
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Applications
Mathematics: Laplace Transform: g@sD = Ÿ0

¶f HtL e-s t „t.

Physics:
  Planck Transform:   n@nD = Ÿ0

¶„T f @T D
ExpB h n

k T
F-1

.

  Non-Relativistic Thermal Free-Free Emission:

   Inff@n
`
D= 4 2

3 p

e6

Ime c2 M
2 Ÿ0

¶„Te
me c2

kB Te ‡ „ l E1B
4 p2 me lB

2 n2

2 K2 kB Te
FZeff@l, xD „Hne@xDL2

„Te
.

  Ultra-Relativistic Synchrotron Emission:

    In
sync

@n`D = ae

H2 pL2 Ÿ0
¶„g h n

g2 ‡ „ l F B 4 pme c n

3 e n`µB@xD g2
F
„ne@xD
„g

.

  Inverse Compton Scattering
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Synchrotron In Fourier Space
Choosing and fiducial numbers nfid, gfid, Lfid (luminance energy/time/solid angle)
  f
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`
ÿ B
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Lebesgue Integration
Instead of thinking of a line-of-sight integral think of it as an integral over the electron weighted distribution of pB n` µ B@xD gF

in the 

E B IGev mG M
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Model Distributions
1) (An)Isotropy b

`
 at each "point": 

assume isotropic
2) (An)Isotropic B at each "point": 

assume istropic 
3) Distibution of B at each point: 

assume Gaussian axial vector
4) Geometric distribution of B and „ne

„g
 along line-of-sight:

assume Gaussian slab: „ne
„g

, B2 ∝ ‰-
z
z*

Each a convolution which suppresses In fluctuations!
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Synchrotron Suppression
or Why You Can See 21cm LSS
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Synchrotron Suppression

log10@KD

ShowBshowSuppression@9.56093D, AspectRatio Ø
1

3
, ImageSize Ø 400F
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Positivity and Regulation
Lebesgue integral is  convolution is with a positive definite kernel
   pAg, b

`
, BE ¥ 0  line-of-sight:

Large exponential suppression means that high frequency noise in In  cannot be multiplied by 1
k
è
@KD

 but

must be suppressed.
This regulates the inversion process in a way which is not ad hoc like Wiener filtering.
Noisey high frequency components are useless - only small number of spectral modes are useful.
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Local Electron/Positron Distribution
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Sky Coverage? Moniez
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Conclusions
1) A good model-independent measure of the electron energy distribution would clarify claims of indirect detection
of dark matter annihilation products. 
2) Non parametric synchrotron Ø electron transform easy
    a) use K-space to avoid instability
    b) positivity provide natural regularization of inversion
    c) only a relatively small number of lo-K modes contribute in
     each angular resolution element.
3) one or more additional all sky maps eliminates degeneracies. 
4) 21cm intensity mapping redshift surveys will provide such a map
   a) will measure intensity, spectral index, running of index, ...
   b) could map outflow from pulsars
   c) scientific justification to extend frequency reach?
   d) scientific justification for including Galactic center?
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Initialization
<< Units`

<< PhysicalConstants`

SetDirectory@"êUsersêstebbinsêMathMacrosêPokeyêGraphics"D

êUsersêstebbinsêMathMacrosêPokeyêGraphics

<< "LabelTicks.mi";

SetDirectory@"êUsersêstebbinsêMathMacrosêPokeyêPhysics"D

êUsersêstebbinsêMathMacrosêPokeyêPhysics

<< "CGSunits6.mi";

SetDirectory@NotebookDirectory@DD

êUsersêstebbinsêPROJECTSê21cm

<< "URSynchrotron.mi"
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